Individual housing has been reported to modify animal behaviour. The present study compares the plasma levels of glucose, triglycerides and total cholesterol, weight, and food and water intake in two groups of female rats. Group A: 10 rats who remained grouped in two cages for 21 days; and Group B: 10 rats housed in two cages for 7 days, then isolated in individual cages from day 8 to day 15, and finally grouped together again for the last 7 days of the study.
Individual housing is known to modify animal behaviour. For example, experiments on fish (Gomez-Laplaza & Morgan 1993) have shown that the patterns of behaviour following isolation are adaptive responses to the changes in the environment. It has also been demonstrated that isolation produces profound and rapid psychological effects in Correspondence to: Dr Mana Dolores Torres Asensio, Departamento de Fisiologla, Facultad de Medicina, Universidad de Extremadura, Avda de Elvas sin, 06071 Badajoz, Spain. Tel: +34 24 28 9437, Fax: +34 24 27 47 59, It has long been presumed that social behaviour has a major influence on the laboratory rat's development (Welker 1961 , Baenninger 1967 , Eibl-Eibesfelbt 1967 . However, the precise nature of these influences in the rat is still largely unknown despite the realization over 30 years ago (Barnett 1963 ) that there was a particular need for studies of the behavioural effects of social deprivation.
Isolation in the rat has been shown not only to produce marked deficits in the Laboratory Animals (1997) 31, 357-361 exploratory behaviour in new surroundings (Standford et al. 1988) , but also to lead to the development of altered patterns of conduct including the killing of young and mutual aggression (Kostowski et al. 1977) . Furthermore, isolation is known to influence emotional behaviour (Fuste & Vidal 1993) , and changes have been found both in the electroencephalogram (EEG) and in hormones secreted by the hypothalamichypophysial-adrenal axis (Ehlers et al. 19931. Grouped animals show more object-manipulating behaviour than isolated animals (Einon & Morgan 19761 . It has also been observed that rats consume a greater quantity of alcohol when they are grouped than when they are separated (Ellison et al. 1979) . Different workers (Nishikawa & Tanaka 1978 , Standford et al. 1988 , taking as proven that there exist behavioural changes in isolated rats, have unsuccessfully sought the origin of these changes in cerebral cortical adrenoreceptors (Standford el al. 1988L or have claimed that supersensitive receptors of catecholaminergic central neurons are involved (Nishikawa & Tanaka 1978) . Isolation of rats from day 20 to day 60 of life has been reported to result in a decline in the density of striatal dopamine receptors (Bean & Lee 1991) . However, after an extensive search of the literature, we could find no work that related biochemical parameters and individual housing. The aim of the present work, therefore, was to study possible variations in parameters that are frequently used in experimental studies (weight, and plasma levels of glucose, triglycerides, and total cholesterol) as a function of the grouping or isolation of the animals.
Since a great number of scientific experiments use isolated animals, we believed that a study of the possible influence of isolation on these parameters might well be of value to avoid inaccurate conclusions being drawn.
Material and methods
Female Wistar rats (Hanover origin), weighing from 210 to 230 g (83 ± 2 days of life) and maintained on a standard diet (UK Universal CB, SL) were used. The animals were housed in an air-conditioned room at a constant temperature of 24 ± 2°C, with lighting from 08:00-20:00 h, continuous air filtration at a rate of 13 renewals per hour, 55% humidity, and free access to food and water. The cages (panlab SL, Barcelona, Spain) measured 15 x 25 x 25 cm (individual) and 15 x 25 x 50 cm (group), and were made of macrolon.
Two groups were formed: Group A (n=lO) were housed in two cages (five animals per cage) for 21 days. Group B (n=lO! who alternated between group housing in two cages for 7 days, then housed individually for 7 days in physical isolation, allowing only visual, auditory and olfactory contact, and finally housed in groups again for 7 days.
Food and water intake were measured daily at 10:00 h, and at the end of each week (every 7 days) each animal was weighed and a blood sample (0.2 ml approximately I taken at 10:30 h from the tail vein (with the animal conscious). Immediately after taking the sample, the serum was separated by centrifugation (10 min, 2500 rpm, room tempera-tureL and plasma levels of glucose, triglycerides and total cholesterol were determined in each sample with a Coulter CPA analyser, at a working temperature of 37°C. The enzymatic methods used were: for glucose, the glucose oxidase method; for triglycerides, the GPO-POD method; for cholesterol, the CHaD-POD method. All the reagents were 'CCS reagents for Coulter CPA analyzer', (Kemia Cientifica SA, Madrid, Spain).
Results are expressed as mean±SD, and statistical analysis was carried out using the Mann-Whitney and Wilcoxon tests.
Results
As can be seen in Table I , the animals subjected to individual housing ingested more food than those who remained grouped. However, there was no statistically significant difference in water intake between these sets of animals.
Individual housing did not seem to affect the weight gain; the mean weights in Group A were 218 ± 6 g, 227 ± 12 g, 244 ± 10 g and in Group B 221 ±2 g, 228±6 g, 249± 11 g at the 
Discussion
As noted above, social behaviour can change as a function of whether the individuals develop their activities together with other members of the species or in isolation. One of the changes observed in the behaviour of individually housed animals is a change in the pattern of mobility which would be manifest in the individual's daily activities and corresponding biochemical parameters. Thus, it has been suggested (Morinan & Parker 1985) that the isolation of animals might have a major influence on food intake, these authors the levels were significantly lower (P <0.05) in the third week.
The decline in plasma triglyceride levels observed in the Group A rats (Fig 1) after the first week of study, 1.22 ± 0.20 mM, 0.96±0.16 mM, 0.96±0.36 mM, for each of the three weeks, respectively, was not statistically significant. The Group Brats, however, presented statistically significant lower levels of plasma triglyceride levels (P<0.05) in the second week (the week of their individual housing), 0.70 ± 0.26 mM, compared to the first or third weeks when they were housed in groups, 1.21 ±0.21 and 0.88 ± 0.20 mM respectively. Moreover, these values of the second week were lower (P<0.05) than those corresponding to Group A for any week of the study.
The plasma total cholesterol levels were 1.71 ±0.31 mM, 2.07 ±0.26 mM, 1.97±0.10 mM in each of the three weeks, respectively, for Group A, and 1.68±0.28 mM, 1.76±0.31 mM, 1.94±0.36 mM for Group B. There were no statistically significant differences in these values as a function of the individual housing of the animals. end of each of the three weeks of study, respectively. The plasma glucose levels (Fig 1) were 5.45±1.l0 mM, 5.6l±0.55 mM, 5.83± 0.61 mM in Group A and 5.28 ± 1.32 mM, 5.45±0.94 mM, 4.79±0.72 mM in Group B for each of the three weeks, respectively. There were no statistically significant differences in the glucose values of Group A but, in Group B, where the animals had been individually housed during the second week, showing in their experiments that individual housing of rats produces an increase in food intake. Our results confirmed these findings, showing that the rats consumed a greater quantity of food during the period of individual housing. The increase in weight observed during the period of the study did not seem to be affected by individual housing, as there were no statistically significant differences in weights between Groups A and Bfor any of the three weeks of the study. In principle, this weight gain is attributable simply to the animal's growth.
Our results also show that the individual housing of the rats may modify certain biochemical parameters. Thus, glucose levels declined significantly in rats who were first grouped together, then individually housed, and then returned to their initial grouping. We could find no work in the literature on such variations in glucose levels, but they might be related to the influence social separation has on the animal's emotional behaviour, as described by Fuste and Vidal (1993) , or on hormone secretion by the hypothalamic-hypophysial-adrenal axis (Ehlers et al. 1993) .
The mere fact of subjecting the rats to an experimental study seems to cause a decline in plasma triglyceride levels in both groups of animals, A and B, perhaps arising from the mere handling of the animal, or from the changed social surroundings (new cage companions in Group A, or solitude in Group B). However, it should be noted that in the Group A animals the differences in triglyceride levels across the three weeks of study were not statistically significant. The plasma triglyceride levels were significantly lower in the isolated rats than in the rats kept together as a group. Not taking this fact into account may make some slight or moderate variations in triglyceride values misleading in studies using experimental animals. The changes in glucose and triglyceride levels may be due to alterations in mobility or behaviour, but, unfortunately, we were unable to measure these latter parameters.
We found no difference in plasma total cholesterol levels as a function of individual housing. In general, these values were more stable than those of the triglyceride levels. Perez et al. In conclusion, these results confirm our initial hypothesis in the sense that the individual housing of the animals does provoke variations in certain biochemical parameters. We cannot at present attribute this variation to any specific cause, but it could well be related either to modified feeding patterns (Morinan & Parker 1985), or to adaptive changes in behaviour such as increased anxiety (Morgan & Einon 1975) 
